. Such measurements are required to study UV effects on marine organisms. They are also necessary to validate satellite-derived surface UV irradiance. Cloud free radiative transfer calculations support the investigation of this latitudinal dependence. Input parameters, such as total ozone column and aerosol optical depth have been measured on board as well. Using these measured parameters, the modelled cloudless noontime UVA irradiance (320-400 nm) shows the expected dependence on varying minimum solar zenith angles (SZA) at different latitudes. The modelled cloudless noontime UVB irradiance (290-320 nm) does not show this clear dependence on SZA due to the strong influence of ozone absorption in this spectral range. The maximum daily dose of erythemal irradiance of 5420 J m −1 was observed on 14 November 2005, when the ship was in the tropical Atlantic south of the equator. The expected UV maximum should have been observed with the sun in the zenith during local noon (11 November). Stratiform clouds reduced the dose to 3835 J m −1 . In comparison, the daily erythemal doses in the mid-latitudinal Bay of Biscay only reached values between 410 and 980 J m −1 depending on cloud conditions. The deviation in daily erythemal dose derived from different instruments is around 5%. The feasibility to perform ship-borne measurements of spectral UV irradiance is demonstrated.
Introduction
Increased levels of biologically harmful ultraviolet (UV) radiation have been proven to affect aquatic ecosystems, which respond even more sensitively to abiotic stressors such as enhanced UV radiation than terrestrial ones.
1,2 Exposure to enhanced UVB (290-320 nm) radiation may result in a magnitude of biological effects on the molecular, cellular, individual, community and even on the ecosystem level.
1 One important effect is a reduction in phytoplankton productivity caused by inhibition of photosynthesis, which not only constricts the marine food chain but also reduces the CO 2 storage capability of the ocean.
1, 3 The primary production of macro algae communities, which are known to be amongst the most productive ecosystems on Earth, decreases due to enhanced UV levels as well. In such communities, a shift towards UV tolerant algae results and UV sensible organisms evade to greater depths.
1,2,4,5
In order to investigate biological effects of changing radiation conditions on aquatic organisms and ecosystems, radiation data in a marine environment need to be available. Long term changes in incident solar radiation over land can differ in sign and magnitude from those over oceans. 6 Information about surface UV levels over oceans can be obtained from satellite data in combination with radiative transfer models. 7 These data need to be validated with high quality ground-based measurements of UV irradiance, 8 which are routinely performed over land but in situ measurements of biologically effective UV irradiance in a marine environment are sparse. One way to overcome this problem is to perform ship-borne measurements of surface radiation parameters. An advantage of measurements on moving platforms such as a research vessel is that data can be obtained with the same instruments in different climate zones. Conducting measurements of radiation parameters on board a ship presents a greater challenge than over land. The ship moves constantly causing the radiation sensors not to be levelled horizontally. In addition, parts of the ship's superstructures limit the field of view of the radiation detectors. These two factors contribute to the overall uncertainty in the measured radiation parameters.
In this study we present ship-borne measurements of spectral UV irradiance and broadband erythemal UV irradiance measured by different types of sensors. These spectral as well as broadband measurements have been performed on the German research vessel Polarstern during an Atlantic transect from Bremerhaven, Germany, to Cape Town, South Africa, from 13 October to 17 November 2005 and covered latitude between 54
• N and 38 • S. Different climate zones including the tropics have been crossed. This way it is possible to assess various UV radiation conditions as a function of latitude, solar zenith angle (SZA) and total ozone column. To investigate the influence of ozone, especially the natural ozone minimum in the tropics, ballone-borne ozone sondes have been launched daily. Further the feasibility of ship-borne measurements of broadband as well as spectral UV radiation will be discussed.
Materials and methods
The data collected during the cruise are checked with different quality control procedures. These include initial comparisons of the different radiation sensors, comparisons to a radiative transfer model for cloud free occasions, or the investigation of diurnal cycles of erythemal irradiance.
Spectral UV irradiance
Solar spectral UV irradiance is recorded with the UV-spectrometer of the Alfred Wegener Institute for Polar and Marine Research (AWI). 9 This instrument consists of a Bentham 150 DTM double monochromator with a 32 multi channel photomultiplier plate to measure UVB irradiance (290 to 320 nm). The single channels of the UVB instrument are 1.35 nm apart and the resolution is about 2 nm. To detect UVA irradiance (320 to 400 nm) an Oriel single monochromator with 256 diode array detector is used. This instrument has a resolution of 2 nm. The channels have a step width of only 0.65 nm. Both parts of the AWI-UV-spectrometer are operated in a temperature stabilised box. The temperature is stable within ±1 K. The UVA and UVB spectroradiometers are driven by a common software.
The AWI-UV-spectrometer was set up on the upper deck on the starboard side of R/V Polarstern. It was operated in a continuous modus, thus spectra of UV irradiance have been recorded day and night. They have been stored every minute.
During the cruise, the radiometric stability, the wavelength alignment, and the dark current of the spectroradiometer have been tested on a regular basis. The stability tests are performed with a 150 W tungsten halogen lamp which is incorporated in a mobile calibration unit. 10 This 150 W lamp is traceable to the primary standard of the Physikalisch Technische Bundesanstalt (PTB), Germany. The wavelength alignment is tested with a low pressure mercury lamp.
To finally calculate absolute values of spectral irradiance, the following uncertainties have to be taken into account: change in radiometric stability, 11 possible wavelength shifts, 12 correction for the deviation of the input optics from the ideal cosine response, 13 shadowing effects of the ship's superstructures, and the ship's movements.
Broadband erythemal UV irradiance
Erythemal irradiance is recorded by two different types of instruments: the personal UVB-dosimeter ELUV-14, 14 and the Solar Light Model 501 Biometer. Both instruments are broadband detectors with a response similar to the erythemal action spectrum. Data are stored in daily files in 1 minute and 5 minute records for the ELUV dosimeters and the Biometer, respectively. These two different types of broadband sensors have been used for different reasons: The ELUV-sensor is used frequently by a group of biologists investigating UV effects on algae. 15 The SL501 is an internationally recognised radiometer to measure erythemally weighted irradiance.
16

Ozone
Ozone profiles are determined with balloon borne electrochemical (ECC) ozone sondes. 17 The ozone sensor is coupled via an interface to a meteorological radio sonde, model RS 92 from VAISALA. This way, the vertical distribution of ozone, temperature and humidity in the atmosphere can be measured. Such a balloon is launched every day. Data is transmitted by the radio sonde at a predetermined frequency every 5 seconds. These types of balloon-borne ozone measurements are also implemented in the Global Atmosphere Watch (GAW) programme of the World Meteorological Organization (WMO). 18 The accuracy of these types of sensors is around ±5% in the stratosphere.
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During conditions with direct sun, the total ozone column is measured by a portable Solar Light Microtops Ozonometer. This hand held instrument is a portable sun photometer with three channels (305, 312, 320 nm) for the detection of total ozone column. This type of instrument has been compared to Dobson and Brewer spectrometers at the Meteorological Observatory Hohenpeissenberg, Germany. The agreement between the Microtops and the recognized spectrometers has found to be better than ±1% for most airmasses. Adverse observing conditions lead to deviations up to ±3%. 20 Due to its easy handling, the Microtops has previously been applied for various studies concerning the UV radiation environment.
21,22
Ancillary data
A range of meteorological instruments are operated on R/V Polarstern (http://www.awi.de/en/infrastructure/ships/ polarstern/meteorological_observatory/). For this study, the global irradiance collected with a Kipp & Zonen CM11 pyranometer, the sunshine indication detected by a SONI e3 sensor, the cloud base height measured with a Laser Ceilograph by Impulsphysik GmbH, and the visibility determined with a LD-WHX05 sensor by Impulsphysik GmbH are exploited. These data are stored in the PODAS database (http://podas.awi-bremerhaven.de/). Besides the meteorological parameters, the location, the ship's heading, pitch and roll are also available. A weather observation has been carried out every three hours between 6 UTC and 21 UTC by a technician of the German Weather Service (DWD). This observation includes the determination of the cloud coverage and cloud type as well as the sea state.
Radiative transfer calculations
The freely available library for radiative transfer calculations LibRadtran 23 was used to calculate spectral irradiance at the surface. The use of model calculations will yield a quantification of the attenuation of incident UV radiation by clouds.
The most important input parameters comprise the solar zenith angle (SZA), the total ozone column, surface albedo and a default aerosol parameterisation. The SZA was calculated according to the position of the ship and the time referring to the measured spectra. The total ozone column is derived from the ozone profiles obtained from the launches of the ECC ozone sondes because they have been available on a daily basis. The albedo was considered to be constant with 0.2 and a default aerosol parameterisation for a marine environment has been used, except for the visibility, which was taken from the routine measurements with the LD-WHX05.
Vertical profiles of air pressure, temperature, ozone and water vapor distribution measured by the balloon-borne meteorological and ozone sondes have been included in the radiative transfer calculations as well. The model calculations do not include clouds.
Results
Radiation conditions
To describe the radiation climate on this voyage, the noon time UVB and UVA irradiance in dependence of latitude are shown in Fig. 1 and 2 , respectively. The UVB integral comprises the wavelength range from 290 to 320 nm. The UVA integral has boundaries from 320 to 400 nm. These noon time integrals are derived from the measurements of spectral UV irradiance as well as from radiative transfer calculations (see previous section). The modelled cloudless noontime UVA irradiance shows the expected dependence on different midday solar zenith angles at different latitudes. The modelled cloudless noontime UVB irradiance does not show this clear dependence on SZA due to the strong influence of ozone absorption in this spectral range. The varying deviations of the measured and modelled UVA and UVB irradiance are due to the presence of clouds. It can be seen in Fig. 1 that the absolute UVB irradiance is about one order of magnitude lower than the UVA irradiance (see Fig. 2 ). However, the biological effectiveness is much higher in the UVB. Therefore, it is the wavelength region of interest for a number of UV effects studies. To emphasise the biological effectiveness the daily doses of erythemal UV irradiation is shown in Fig. 3 . Instead of the maximal noon time values, it was chosen to show the daily doses, because the impact of incident radiation on living organisms not only depends on maximal radiation levels but even more on the sum of incident radiation. This effect is best described by daily doses. The daily doses shown in Fig. 3 • S) because this was the day with minimal SZA (0.1
• ) during local noon. However, a stratiform cloud cover prevented the dose from being maximal reducing it to 3835 J m −1 . In comparison, the daily doses of erythemal irradiance in the mid-latitudinal Bay of Biscay only reached values between 410 and 980 J m −1 depending on cloud conditions. The deviation in daily erythemal dose derived from different instruments is in the order of 5%. 
Agreement between different sensors
The diurnal cycle of erythemal irradiance measured by different sensors as well as the modelled erythemal irradiance for 28 October 2005 is shown in the upper panel of Fig. 4 . This was the day with the least occurrence of clouds during the Atlantic transect. The cloud observations detected only one octa of cumulus or stratocumulus during daylight hours. The SONI e3 sensor detected sunshine from 11:30 UTC. During the morning hours, the direct beam of the sun was temporarily blocked. This can be seen in all measured erythemal irradiance values. They deviate from the modelled diurnal cycle, which does not include clouds. The erythemal irradiance measured by the ELUV-14 sensor is higher than the values measured by the other instruments. This is due to the instrumental response of the ELUV sensors, which slightly deviates from the erythemal action spectrum. The erythemal irradiance derived from the spectral UV data deviates up to ±12% from the model results during the nearly cloudless periods (see lower panel of Fig. 4) . For large SZA, the erythemal irradiance measured with the Biometer is underestimated compared to the modelled erythemal irradiance and the erythemal irradiance derived from the spectral data. This indicates a deviation from the ideal cosine response.
Ozone
Ozone sounding using ECC-sondes in combination with VAISALA RS-92-SGP radio sondes was successfully carried out on a daily basis between 15 October and 15 November 2005. A total of 29 ozone profiles were recorded. In addition, total ozone columns have been recorded with the Microtops ozonometer whenever the sun was not obscured by clouds. On different days the profiles were recorded between 8:30 and 16:30 UTC. On most days more than one Microtops ozone column was recorded. In this case a mean ozone column of the recorded values has been displayed in Fig. 5. Fig. 5 shows the latitudinal distribution of the total ozone column derived from both instruments.
The total ozone column was 327 Dobson Units (DU) in the north on 18 Two ozone profiles are shown in Fig. 6 . One profile was measured on 16 October 2005 in the northern hemisphere, north of the ITCZ. The profile on 9 November 05 was measured south of the equator and the ITCZ. The stratospheric ozone maximum can be observed in both profiles. As expected, this ozone layer is at a higher altitude in the tropics compared to the mid-latitudes. On both days the total ozone column was roughly the same, with 290 DU and 291 DU on 16 October and 9 November, respectively. • N with a total ozone column of 290 DU. On 9 November the vessel was at 11.9
• S. The total ozone column was 291 DU. Table 1 provides an overview of the cloud conditions during ANT XXIII/1. The cloud cover is given as well as the type of low, medium and high clouds taken from the weather observations at 12:00 UTC. To indicate whether the sun was obscured by clouds during noon, the results of the SONI e3 sensor are displayed as well. The cloud modification factor (CMF) indicates the cloud attenuation of the incident UVB and UVA radiation. The CMF is defined as the ratio between the actually measured UV irradiance (E meas ) and the modelled cloud free UV irradiance 24 (E mod ; CMF = E meas /E mod ). The CMF is always lower for the UVA compared to the UVB. A CMF larger than 1 occurs for example on 28 October and 4 November. On these occasions, the sun was not obscured by clouds. It can further be seen from Table 1 that the CMF does not 53.8 n/a n/a n/a n/a n/a n/a 1 24.10./42.2 54.1 n/a n/a n/a n/a n/a n/a 0 25. n/a n/a n/a n/a n/a 14.11./−25. a Numbers represent the following cloud categories of low clouds: 0 no stratocumulus, stratus, cumulus or cumulonimbus; 1 cumulus with little vertical extent and seemingly flattened, or ragged cumulus other than of bad weather, or both; 2 cumulus of moderate or strong vertical extent, generally with protuberances in the form of domes or towers, either accompanied or not by other cumulus or by stratocumulus, all having their bases at the same level; 5 stratocumulus not formed from the spreading out of cumulus; 6 stratus in a more or less continuous sheet or layer, or in ragged shreds, or both, but no stratus fractus of bad weather; 8 cumulus and stratocumulus other than that formed from the spreading out of cumulus; the base of the cumulus is at a different level from that of the stratocumulus; 9 cumulonimbus, the upper part of which is clearly fibrous (cirriform), often in the form of an anvil; either accompanied by cumulonimbus without anvil or fibrous upper part, by cumulus, stratocumulus, stratus or pannus; blank no observation possible. b Numbers represent the following categories of medium high clouds: 0 no altocumulus, altostratus or nimbostratus; 2 altostratus, the greater part of which is sufficiently dense to hide the sun or moon, or nimbostratus; 3 altocumulus, the greater part of which is semi-transparent; the various elements of the cloud change only slowly and are all at a single level; 7 altocumulus in two or more layers, usually opaque in places, and not progressively invading the sky; or opaque layer of altocumulus, not progressively invading the sky; or altocumulus together with altostratus or nimbostratus; blank altocumulus, altostratus and nimbostratus invisible owing to darkness, fog, blowing snow, dust or sand, or other similar phenomena, or more often because of the presence of a continuous layer of lower clouds. c Numbers represent the following categories of high clouds: 0 no cirrus, cirrocumulus or cirrostratus; 1 cirrus in the form of filaments, strands or hooks, not progressively invading the sky; 2 dense cirrus, in patches or entangled sheaves, which usually do not increase and sometimes seem to be the remains of the upper part of a cumulonimbus; or cirrus with sproutings in the form of small turrets or battlements, or cirrus having the appearance of cumuliform tufts; blank cirrus, cirrocumulus or cirrostratus invisible owing to darkness, fog, blowing snow, dust or sand, or other similar phenomena, or more often because of the presence of a continuous layer of lower clouds.
SZA and clouds
d 0 indicates obscured sun, 1 indicates direct sun. depend on SZA. High CMFs are observed at various latitudes in the northern and southern hemisphere.
During this voyage, the absolutely highest UVB and UVA irradiances are observed on 4 November at 3.7
• N (see Fig. 1  and 2 ). The highest erythemal irradiance was measured with the SL 501 biometer on 13 November at 24.3
• S (see Fig. 3 ).
Discussion
The first part of the discussion deals with the feasibility of ship-borne radiation measurements with emphasis on the ship's pitch and roll as well as the shadowing effect of the ship's superstructures. Further, the impact of the SZA, clouds, and ozone column influencing the UV radiation at the surface will be discussed.
Feasibility of ship-borne radiation measurements
The methodological uncertainty introduced in the measurements of spectral and erythemal irradiance due to the ship's movements as well as the shadowing effect of the ship's superstructures have to be discussed because it is not trivial to perform radiation measurements on a moving platform such as a ship.
Ship's pitch and roll
It is assumed that the uncertainty introduced due to the ship's movement has the same effect as a mislevelled sensor or as an azimuthal error of the instrument. For small deviations of the sensor plane from the horizontal, it can further be assumed that the diffuse portion of the incident radiation is not affected by the tilt. Thus, eqn (1) is used to calculate the ratio between irradiance incident on a tilted to an untilted surface
where Dif is the diffuse irradiance, Dir the direct irradiance, and a is the angle between the horizontal and the tilted surface.
At 400 nm and a solar zenith angle of 0 • , the contribution of the direct irradiance to the global irradiance is largest with a value of roughly 60%. With decreasing wavelength and increasing SZA, the proportion of direct irradiance decreases. At 300 nm and an SZA of 0
• it is around 30%. At an SZA of 70 • , the direct irradiance contributes less than 5% to the global irradiance for all wavelengths in the ultraviolet.
This low fraction of direct irradiance together with the assumption that only the direct irradiance is affected by the tilted sensor leads to a deviation of erythemal irradiance incident on a tilted compared to a horizontal surface of less than 1% as long as a is lower than 2
• . Due to the calm weather conditions during the cruise, the maximum ship's pitch and roll was less than 10
• at all times. It takes 17 s for the ship to accomplish one pitch or roll cycle. This means that the ship's movements are much faster than the sampling time of the radiation detectors, which record one value or one spectrum every minute. Thus, the detected irradiance resembles a mean irradiance incident on a surface with different deviations from the horizontal. To determine the effective tilt for each minute of data sampling the minutely minimal and maximal pitch and roll angles have been extracted from the PODAS database. The average of these extreme pitch and roll values is the effective tilt of the sensor during a one-minute interval. To estimate the deviation of the incident erythemal irradiance from the horizontal, this effective angle has been used as a in eqn (1) . For the whole cruise, the mean pitch was (0.14 ± 0.32)
• (2r) and the mean roll was (−0.13 ± 1.44)
• (2r). Thus, 95% of the mean maximum pitch or roll was lower than 2
• . This means that the deviation in erythemal irradiance from a perfectly aligned horizontal surface is less than 1%, which can be neglected.
Ship's superstructures
To find an ideal spot to set up a spectroradiometer on a ship is nearly impossible. There are always superstructures such as antennas or platforms obscuring part of the sky. For some situations these superstructures block the direct beam of the sun.
On this cruise, the radiation detectors have been set up on the starboard side of the second upper most deck. This spot was a compromise between an obscured horizon and the instruments being protected from possible droplets of sea spray. Even at the chosen set-up spot the quartz domes of the entrance optics needed to be cleaned every morning before sunrise and every evening after sunset due to few sea spray deposits.
In the middle of this deck, there is a big platform. The height and width of the platform as well as the distance to the radiation sensors is known. So, the part of the sky covered by the platform can be calculated. It amounts to 9.5% of the whole sky dome. The erythemal irradiance is considered to be isotropically distributed across the sky.
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The platform obstructs the diffuse irradiance between an elevation angle between 0
• and 60
• . When measuring irradiance, the incident radiance is weighted with the cosine of the solar zenith angle. Thus, the contribution of radiance obscured by the platform is reduced to about 5% of the diffuse irradiance. This would be valid if the superstructures of the ship had a reflectance of 0. It was not possible to determine the reflectivity of the ship's superstructures. Therefore, the diffuse part of the erythemal irradiance has not been corrected for this effect. For future cruises, it is recommended to determine the reflectivity of the superstructures in order to find the correction factor to account for the shadowing effect of the ship's superstructures. During the periods, when the direct beam of the sun was blocked by the ship's superstructures, the measured erythemal as well as spectral irradiance has been excluded from the data analysis.
Effect of SZA, clouds and ozone
In contrast to the methodological uncertainties, the impact of SZA, clouds and ozone as main influencing parameters of UV radiation reaching the surface 28 has to be assessed. The influence of ozone and clouds is wavelength dependent. Ozone strongly absorbs in the UVB part of the solar spectrum. It is more absorbing the shorter the wavelength. The wavelength dependence of clouds is not as pronounced. For a homogenous cloud layer at 1200 m in midlatitudes the cloud transmittance was found to be 45% in the UVA and 60% in the UVB. 29 This wavelength dependence is explained by photons scattered upwards from the cloud and then scattered downward again, effectively trying to make it through the cloud more than once. The number of photons this happens to is a function of the wavelength dependent Rayleigh scattering and ozone absorption cross sections.
30 This is also the explanation for the CMF always being smaller in the UVA compared to the UVB (see Table 1 ) meaning that the transmission of radiation is weaker in the UVA. The observed CMFs range from 0.19 to 1.14 in the UVB and from 0.17 to 1.02 in the UVA. Situations with thick clouds have also been encountered like occasions with enhancement of UV radiation due to scattered clouds. Only true clear sky cases have very rarely been observed. Fig. 7 shows the dependence of the normalised measured and modelled UVA and UVB irradiance on cos(SZA). The modelled irradiance do not include clouds. Thus, the difference between the measured and modelled irradiance resembles the cloud attenuation. Strong cloud attenuation has been observed with cos(SZA) between 0.5 and 0.6, thus in the midlatitudes as well as in the ITCZ (cos(SZA) between 0.9 and 1). But note that the normalised measured noontime irradiance in the ITCZ is higher, despite the thick clouds, compared to the modelled cloud free noontime irradiance with cos(SZA) lower than 0.6.
The total ozone column derived from the two ozone profiles shown in Fig. 6 • S) it is 291 DU. The total ozone column should have the same effect on the absolute irradiance measured on both days. Thus, the influence Table 2 Comparison of UVA and UVB irradiance with the same total ozone column, but different SZA and cloud conditions. Note that the measured irradiance with SZA = 5.1
• is larger than the cloudless modelled irradiance with SZA = 55. of clouds and SZA can be looked at closer on these two occasions (see Table 2 ). The modelled UVA and UVB irradiances do not include clouds, leaving the SZA as the main influencing factor. With a SZA of 5.1 • (cos(SZA) = 0.56) at noon, the modelled UVA and UVB irradiances are 2.25 and 3.5 times as high compared to a SZA of 55.8
• (cos(SZA) = 0.99), respectively (see Fig. 7 and Table 2 ). According to the cloud observation at 12 UTC, one octa of cumulus humilis was present on 16 October at 46.8
• N, whereas five octas of cumulunimbus with thick cirrus clouds prevailed on 9 November at 11.9
• S. Despite the thick clouds at 11.9
• S (SZA = 5.1 • ), the measured UVA and UVB irradiance is still higher compared to 46.9
• N (SZA = 55.8 • ). And note, that the measured UVA (34.6 W m −1 ) and UVB (2.4 W m −1 ) irradiance under a SZA of 5.1
• , although affected by thick clouds, is larger than the modelled cloud free irradiance with a SZA of 55.8
). This result underlines the fact that the SZA has a very strong influence on the absolute UV irradiance.
Marine organisms may be adapted to the radiation environment they live in. But humans should keep in mind that the radiation in the tropics is much higher compared to mid latitudes, even under cloudy conditions. However, the data collected on this cruise is in the range of uncertainties desired for UV effects studies. To feasibly investigate UV effects on marine organisms it is desirable to also perform measurements of underwater UV irradiance at various water depths for specific atmospheric conditions.
Conclusions
In the measurements of spectral UVA, UVB and erythemal irradiance performed on R/V Polarstern, the effect of solar zenith angle, clouds and total ozone column is detected in the daily doses of erythemal irradiance as well as in midday UVA and UVB integrals.
As long as the minutely mean of the ship's pitch and roll is less than 2
• the deviation in erythemal irradiance incident on the tilted sensors is less than 1% compared to a perfectly horizontal surface. This condition has been fulfilled for more than 95% of the measured spectra during the north-south Atlantic transect.
It can be advised that it is important to find the most suitable spot for setting up the radiation detectors on the ship. On some ships, it may not be possible to find a suitable location at all. The ideal set-up spot should have minimal obstructions in the sensors' field of view and should be well protected from sea spray. To account for the influence of the ship's superstructures, small broadband sensors, such as the ELUVs, could be placed in different locations on the ship.
The measurements of UV irradiance performed on R/V Polarstern in 2005 indicate already the feasibility to perform ship-borne radiation measurements. The maximum daily dose of erythemal irradiance of 5420 J m −1 was observed on 14 November 2005, when the ship was in the tropical Atlantic south of the equator. The expected UV maximum should have been observed with the sun in the zenith during local noon (11 November). Stratiform clouds reduced the dose to 3835 J m −1 . In comparison, the daily erythemal doses in the mid-latitudinal Bay of Biscay only reached values between 410 and 980 J m −1 depending on cloud conditions. The deviation in daily erythemal dose derived from different instruments is around 5%. However, to obtain statistically significant results, a larger data set especially with cloud free conditions is necessary. Data collected on the northsouth Atlantic transect with R/V Polarstern indicate that at least daily doses of erythemal and noon time UVA and UVB irradiance can provide the basis for studies investigating the effect of UV radiation on marine organisms.
